Many studies have used behavioural experiments to show an attentional bias towards sleep-related stimuli in people with insomnia disorder. A measurement of event-related potential is needed to investigate the cognitive processing mechanism of the attentional process. The present study used the emotional Stroop paradigm and event-related potentials to measure attentional bias towards sleep-negative, sleep-positive and sleep-unrelated neutral words. The study comprised 16 participants with insomnia disorder and 15 participants who were good sleepers. Behavioural data indicated that there was a significant interference effect of sleep-positive words between the insomnia group and the good sleepers, and a marginally significant interference effect from sleepnegative words between groups. In the insomnia group, event-related potential data showed that sleep-negative words elicited higher amplitudes of P1 and N1 components than did sleep-positive and sleepunrelated words. Our results provide evidence for the early cognitive processing of sleep-negative stimuli, which suggests that the psychological treatment of insomnia could benefit from addressing early hypervigilance towards these stimuli.
Many studies have used behavioural experiments to show an attentional bias towards sleep-related stimuli in people with insomnia disorder. A measurement of event-related potential is needed to investigate the cognitive processing mechanism of the attentional process. The present study used the emotional Stroop paradigm and event-related potentials to measure attentional bias towards sleep-negative, sleep-positive and sleep-unrelated neutral words. The study comprised 16 participants with insomnia disorder and 15 participants who were good sleepers. Behavioural data indicated that there was a significant interference effect of sleep-positive words between the insomnia group and the good sleepers, and a marginally significant interference effect from sleepnegative words between groups. In the insomnia group, event-related potential data showed that sleep-negative words elicited higher amplitudes of P1 and N1 components than did sleep-positive and sleepunrelated words. Our results provide evidence for the early cognitive processing of sleep-negative stimuli, which suggests that the psychological treatment of insomnia could benefit from addressing early hypervigilance towards these stimuli.
IN TROD UCTI ON
The diagnostic criteria in the third version of the International Classification of Sleep Disorders state that individuals with insomnia disorder might exhibit excessive focus on and heightened anxiety about sleep (American Academy of Sleep Medicine, 2014) . The attention-intention-effort (AIE) pathway suggests that sleep itself might be a potent and salient stimulus for people with insomnia . For instance, when a person with insomnia experiences disturbed or inadequate sleep, he or she might become overly concerned with sleep, thereby creating a platform for sleeprelated selective attention. Sleep therefore becomes a reinforcer of insomnia. Similarly, the cognitive model of insomnia indicates that people with insomnia are selectively alert to stimuli related to wakefulness at night and symptoms of fatigue at daytime (Harvey, 2002) . Therefore, selective attention might play an important role in the maintenance of insomnia disorder.
Several computerised or reaction time (RT)-based experiments have been designed to measure sleep-related selective attention. The emotional Stroop task is one of the most commonly used methods; seven of 13 studies have employed this task (Harris et al., 2015) . Among these seven studies, five demonstrated a significant attentional bias towards or interference effect from sleep-related words in individuals with insomnia. Because of the reliable behavioural effects obtained from this paradigm, we chose it to investigate the attentional bias towards sleep-related words. In addition, previous Stroop research did not distinguish between negative, positive and neutral sleep words, and thus could not investigate the roles of sleep-positive and sleep-negative stimuli. Therefore, we discriminated between sleep-negative words and sleep-positive words, and individually examined their attentional bias.
The sleep-related words in the current study were used in two studies by Taylor et al. (2003) and MacMahon et al. (2006) . Both studies demonstrated a significant attentional bias towards these words in participants with insomnia disorder. Woods et al. (2013) classified these words based on valence, and explored the pattern of attention allocation to sleep-positive and sleep-negative words in insomnia disorder participants and good sleepers. However, they did not find an attentional pattern specific to the insomnia group. The controversial results might be due to the different methods employed. The present study continued to investigate the attentional bias of sleep-negative and sleep-positive words through a more sensitive measure of attentional processing, event-related potential (ERP).
The electrical brain activity obtained from ERPs can offer multiple, millisecond measurements of the attentional process, and track the real-time course of the cognitive process during a task (Allison et al., 1999) . This approach might provide a method to investigate the attentional process more directly and facilitate our understanding of the mechanisms underlying attentional bias in patients with insomnia. To our knowledge, previous research has not used ERPs to examine sleep-related attentional bias. ERPs can index the attention-orienting effect as quickly as 100 ms after the presentation of a target. The P1, N1 and P2 components reflect brain activation in the early perceptual stages. The N2 and P3 components indicate a more elaborate processing of emotional stimuli in later, higher-level cognitive stages. Consistent with exploratory research methods, all of these components were considered in this study.
The present study aimed to explore attentional processing of sleep-positive and sleep-negative words in people with insomnia disorder through the use of the emotional Stroop task and the ERP. Three types of words were used (sleeppositive words, sleep-negative words and sleep-unrelated neutral words). Stroop interference effects of sleep-negative and sleep-positive words per group were calculated. We hypothesised the following: (1) Stroop interference effects of sleep-positive and sleep-negative words would be significantly different between groups if an attentional bias existed in people with insomnia; (2) for the insomnia group only, if the attentional processing occurred early, the components P1, N1 or P2 would show higher amplitudes for sleep-related words compared with neutral words; and (3) if additional cognitive resources were employed, then the N2 or P3 amplitudes of sleep-related words would be modulated only in individuals with insomnia.
MATERI ALS AND METHODS

Participants
Insomnia disorder
Participants were recruited from two universities through online and offline advertisements that included the basic criteria for insomnia disorder from the Diagnostic and Statistical Manual of Mental Disorders-5 (DSM-5; American Psychiatric Association, 2013) . People willing to participate in the experiment e-mailed or phoned the researchers. A detailed telephone or online interview was conducted by the first author based on the DSM-5. Nine participants were excluded because their insomnia did not persist for 3 months or could be sufficiently explained by other medical or mental disorders.
The participants were then directed to a website (http:// www.sojump.com/) that asked for basic demographic information and included questionnaires. At this stage, eligible participants had to score greater than 7 on the Pittsburgh Sleep Quality Index (PSQI) and less than 20 on the Beck Depression Inventory-II (BDI-II). Two participants were excluded because their BDI-II scores were greater than 20.
After the screening was completed, experimenters invited those who met the criteria of insomnia disorder to complete the experiment. To avoid a priming effect, the interval time between completing the questionnaires and the experiments was more than 2 weeks.
Good sleepers
Good sleepers were recruited at the same universities through online and offline advertisements. They were matched with the insomnia group based on age and gender. To qualify, they had to score less than or equal to 6 on the PSQI, and less than 20 on the BDI-II. Three participants were excluded because their BDI-II scores were greater than 20, or they had experienced recent medical disorders or sleep difficulty.
Sixteen insomnia disorder participants and 15 good sleep participants were included in the behavioural experiment. All participants signed informed consent before the behavioural experiment and were compensated with 100 RMB after completion of the experiment. The experiment was approved by the Ethics Committee of South China Normal University.
Questionnaires
The PSQI is widely used to assess subjective sleep quality over the previous month (Buysse et al., 1989) . Individuals are considered to have non-pathological sleep if they score less than 7 (Backhaus et al., 2002) . Chinese researchers reported good diagnostic sensitivity of 98.3% and specificity of 90.2% when using 7 as the cut-off value (Liu et al., 1996) . In China, the reliability of the PSQI was good (Cronbach's a = 0.84, test-retest r = 0.81; Liu et al., 1996) .
The BDI-II was employed to assess depressive symptoms (Beck et al., 1961) . Although a person is usually considered to have mild depression if his or her BDI-II scores are above 14, we used a cut-off value of 20 in the present study to exclude people with severe depression because insomnia is commonly accompanied with depressive symptoms (Wang et al., 2011) . The BDI-II had good reliability in China (a = 0.94; Wang et al., 2011) .
The State-Trait Anxiety Inventory (STAI) was created by Spielberger and colleagues (1983) . The State Anxiety Inventory (SAI) assesses situational anxiety, and the Trait Anxiety Inventory (TAI) assesses whether a personality is inclined to anxiousness. It was used in this study not for exclusion purposes but to provide a comparative ª 2018 European Sleep Research Society measurement of anxiety between groups. Li and Qian (1995) modified the STAI for use in China, and reported good reliability for the SAI (a = 0.91) and the TAI (a = 0.88).
Stimuli and procedure
A total of 26 sleep-negative words and 26 sleep-positive words from the study by Woods et al. (2013) were translated into Chinese and checked by an individual with a doctorate in English. These words were then matched with 52 sleepunrelated neutral Chinese characteristics based on frequency and length (see Appendix). Word valences were evaluated by 20 individuals with insomnia disorder and 17 good sleepers, who were recruited after the experiment according to the same criteria described above. The results showed that sleep-positive words were rated the most pleasant and sleep-negative words were rated the least pleasant by both groups (P < 0.05). No significant difference was found between groups (Table 1) . Each word was presented twice in two of three colours (red, green and blue), yielding 208 colour-words.
Participants were seated in a comfortable chair in a soundattenuated room. Colour-words were presented on the same computer for all participants. The computer screen was 0.5 m in front of each individual. Participants were instructed to ignore the meaning of the word, focus on the colour, and press the corresponding key as accurately and quickly as possible (F -red, J -green, K -blue). They completed 30 practise trials before the formal tests, which ensured that they were familiar with the experimental procedure. After the practise trials, colour-words divided into four blocks were randomly presented.
ERP recording
The ERPs were recorded by 30 scalp electrodes (FP1, FP2,  F8, F4, FZ, F3, F7, FT8, FC4, FCZ, FC3, FT7, T8, C4, CZ,  C3, T7, TP8, CP4, CPZ, CP3, TP7, P8, P4, PZ, P3, P7, O2 , OZ, O1) according to the international 10-20 system. Ag/ AgCl electrodes were used in the electrode cap. Four electrodes attached below and above the left eye and to the left and right canthus of each eye were used to record electrooculogram (EOG). The bandpass filter was set from 0.1 to 100 Hz, and the sampling rate was 500 with a 24-bit A/ D sampling. Data were segmented for each colour-word from 200 ms before the onset to 800 ms after it. The 200 ms ahead of the colour-word presentation served as the baseline. Trials in which the EOG or ERPs exceeded AE80 lV were excluded. For the insomnia group, the average number of trials was as follows: sleep-negative words (44.25 AE 5.39); sleep-positive words (43.87 AE 5.37); and sleep-unrelated words (92.13 AE 8.03). For the good sleeper group, the average number of trials was as follows: sleep-negative words (44.13 AE 4.96); sleep-positive words (44.33 AE 4.00); and sleep-unrelated words (88.87 AE 7.62). The grand averages were filtered using a 30-Hz low-pass filter (24 dB per octave) for display purposes.
Data analysis
For the behavioural data, trials with false reactions and omissions were excluded from the analyses. Additionally, RTs that exceeded 2000 ms or that exceeded the mean score of each individual by more than three standard deviations were eliminated as outliers. The mean RTs of each word type were calculated for each participant. Repeated-measure analyses of variance (ANOVAs) were computed by employing group (insomnia disorder versus good sleeper) as a between-subject factor, word type (sleepnegative words, sleep-positive words and sleep-unrelated words) as a within-subject factor, and the RTs as the dependent variable.
For the ERP data, time windows for each mean amplitude were selected based on the peak of each response. According to the total average waveforms, four components were selected: P1 (120-170 ms); N1 (170-220 ms); P2 (220-290 ms); and P3 (320-390 ms). On the basis of earlier studies and visual examination of the grand mean waveform, average ERP amplitudes were calculated at four electrode locations (Fz, Cz, Pz, Oz). For each ERP component, a separate repeated-measure ANOVA was performed with word type (sleep-negative words, sleeppositive words and sleep-unrelated words) and electrode (Fz, Cz, Pz, Oz) as within-subject factors, and group (insomnia disorder versus good sleeper) as the betweensubject factor. For both the behavioural and ERP data, follow-up ANOVAs were calculated to evaluate interaction effects. Planned post hoc tests were conducted with Bonferroni correction for multiple comparisons. The alpha level of significance was 0.05. For brevity, only significant results are presented here. Table 2 presents the demographics and anxiety and depression symptoms for both groups. The insomnia disorder group had significantly higher scores on the PSQI, BDI and SSAI than the good sleeper group (P < 0.01). Table 3 includes the response accuracy as well as the means and standard deviations of RTs per group. No significant main effect of accuracy was found. RTs showed a significant main effect for the factor group (F 1,29 = 4.196, P = 0.050, partial g 2 = 0.166). The insomnia group reacted more slowly than the good sleeper group. A word type by group interaction was found (F 2,58 = 3.736, P = 0.036, partial g 2 = 0.113). Simple effect analyses showed that participants with insomnia disorder reacted more slowly than good sleepers for sleep-negative words (P = 0.036) and sleeppositive words (P = 0.031).
RESUL TS Demographic data
Behavioural data
Raw data
Interference index scores
To provide a measure of colour-naming interference due to syndrome-relevant attention, interference index scores were calculated by subtracting the time to complete neutral words from the time to complete sleep-negative and sleep-positive words. The Stroop interference index scores showed a significant main effect for the factor group (F 1,29 = 7.425, P = 0.011, partial g 2 = 0.204). Separate ANOVAs were conducted for each word type. The Stroop interference scores were significant for sleep-positive words between individuals with insomnia (12.645 AE 6.659 ms) and good sleepers (À11.439 AE 6.448 ms; P = 0.015), and borderline significant for sleep-negative words (11.688 AE 6.861 ms versus À7.721 AE 6.643 ms; P = 0.051; Fig. 1 ).
ERP data
Early ERP components P1 amplitude. The mean amplitudes of P1, N1, P2 and P3 components are shown in Table 4 . The grand average ERP components (P1, N1, P2, P3) are presented in Fig. 2 . An overall ANOVA for P1 amplitude showed a main effect of electrode (F 3,87 = 19.835, P < 0.001, partial g 2 = 0.668). An electrode by word type by group interaction was found (F 6,174 = 2.616, P = 0.043, partial g 2 = 0.395). To interpret the three-way interaction, a separate follow-up ANOVA for each electrode was conducted. An interaction effect between group and word type was found only at the Oz site (F 2,58 = 10.603, P < 0.001, partial g 2 = 0.268). Post hoc comparisons showed that individuals with insomnia disorder insomnia disorder participants had a lower P3 amplitude than good sleepers.
DI SCUSSION
The aim of this study was to measure the attentional bias of individuals with insomnia disorder towards sleep-negative and sleep-positive words using an emotional Stroop task and ERP. The interference index scores of sleep-negative and sleep-positive words were nearly significant and were significant between groups, showing a trend of attentional bias towards sleep-negative stimuli and the existence of attentional bias towards sleep-positive stimuli. ERP data showed that the amplitudes of the P1 and N1 at the occipital area were larger for sleep-negative words compared with sleeppositive and sleep-unrelated words only for the insomnia group, demonstrating an early attentional processing. The first hypothesis was partially supported, demonstrating there is an attentional bias towards sleep-positive words. This finding indicates that participants with insomnia disorder have a deficient interference inhibition ability for sleep-positive words in the behavioural task. Consistent with the study of Baglioni et al. (2010) , which found a pleasant emotional reaction towards sleep-positive stimuli in insomnia disorder participants, our results support the assertion that this pleasant emotional reaction might interfere with their completion of the colour-naming task. For sleep-negative words, we found a nearly significant attentional bias towards sleepnegative words for individuals with insomnia disorder. Previous research found an attentional bias towards sleepunpleasant stimuli (Jansson-Fr€ ojmark et al., 2013). The marginal significance might be due to the small sample size. Therefore, we conclude insomnia participants might tend to be disturbed more in the process of naming the colour of sleep-negative words compared with the good sleepers.
The second hypothesis received partial support. Insomnia disorder participants showed enhanced P1 and N1 amplitudes for sleep-negative words in the occipital area, whereas the control group did not show evidence of prioritisation of sleep-related words at these two components. Consistent with other studies, larger P1 and N1 amplitudes in response to negative words were found during an emotional Stroop task compared with those in response to neutral words during an emotional Stroop task (van Hooff et al., 2008; Weinstein, 1995) . Generally, P1 and N1 are early ERP components, reflecting the automatic sensory process generated by exogenous stimuli (N€ a€ at€ anen et al., 1982) . Higher amplitudes of P1 and N1 can be interpreted as evidence for early cortical vigilance towards sleep-negative words. Although previous researchers have asserted that they found vigilance towards sleep-related stimuli, they used an indirect calculation of an attentional bias score . The present research used ERP to directly find cognitive vigilance towards sleep-negative words in the insomnia group. However, with regard to the sleep-positive words and inconsistent with the hypothesis, no cortical reaction was observed. This might be due to the low arousal created by sleep-positive words. Regarding the P2 component, sleepnegative words elicited an elevated P2 amplitude compared with both sleep-positive words and sleep-unrelated words for both the insomnia group and the good sleepers, showing that sleep-negative words generated early automatic attention across groups. Future studies could compare sleep-unrelated negative stimuli with sleep-related negative stimuli to investigate whether the elevated P2 component of sleepnegative words in insomnia disorder participants is caused by emotional characteristics or by symptom specificity.
The third hypothesis on ERP data, that late ERP components (N2 or P3) would be manifested if heightened resources were needed to override or inhibit the impact of symptom-related words in the insomnia group, was not supported. Similar to the P2 component, the amplitudes of P3 component evoked by sleep-negative and sleep-positive words were found to be higher than those evoked by sleepunrelated neutral words across groups. In addition, previous research showed that late ERP components may explain the Stroop interference effect (Franken et al., 2009 ), while we found a higher P3 amplitude for sleep-negative words not only in insomnia disorder participants but also in good sleepers. Therefore, we could not explain the behavioural interference effect using ERP components.
In addition, we found results beyond the limits of our hypotheses. Higher P1, lower N1 and higher P2 amplitudes were observed in insomnia disorder participants compared with good sleepers. According to previous research, these results might reflect a high vigilance and a defect in inhibiting irrelevant information in insomnia disorder participants (Oades et al., 1996; P erez-Edgar and Fox, 2003) , supporting the hyperarousal model (Riemann et al., 2010) . Additionally, a lower P3 amplitude in insomnia disorder participants compared with good sleepers was found. This might be explained by a deficit in the ability of late high-level cognitive processing (Fortier-Brochu and Morin, 2014) . This finding provides support for the overall longer RTs in insomnia disorder participants.
Our findings showed that participants with insomnia disorder had behavioural indexes of attentional interference for sleep-positive words and neurophysiological indexes of attentional superiority for sleep-negative words. According to the AIE pathway, both craving and threat could be potential 'drivers' of sleep-related attentional bias in participants with insomnia disorder . With regard to the threat driver, we reach a conclusion by combining ERP data, behavioural data and subjective ratings of sleep-negative words. ERP data are expected to elucidate the attentional processing characteristics of sleep-unpleasant stimuli; that is, the core feature of attention processing towards sleepnegative stimuli in insomnia disorder participants lies in functional perturbations of brain circuitry that react rapidly to unpleasant sleep stimuli. The over-activation triggers hypervigilance towards unpleasant sleep stimuli in people with insomnia disorder and thus prevents them from falling asleep ª 2018 European Sleep Research Society spontaneously. In contrast, the role of sleep-positive words is somewhat unclear. First, the ERP components of sleeppositive words specific to insomnia disorder participants were not observed. Second, the Stroop task could not delineate the direction of the attentional bias or the craving effect towards sleep-positive words. There might be a craving for pleasant sleep stimuli in insomnia disorder participants by combining the subjective ratings and Stroop interference effect. This possibility should be explored by future research.
Several limitations of the study should be considered. First, the emotional Stroop paradigm could not examine avoidance or difficulty of disengagement following vigilance, and the word stimuli lacked ecological validity. A dot-probe paradigm with ERP using pictures as stimuli could be adopted in future research. Second, depression and anxiety symptoms were significantly higher in the insomnia group. Although JanssonFr€ ojmark et al. (2013) indicated that attentional bias in people with insomnia disorder could not be attributed to depression or anxiety levels, these co-morbidities in the insomnia disorder group might still influence task performance and the ERP data. To clarify the role of insomnia, future studies should explore the attentional processing of sleep-related stimuli in insomnia disorder participants with low depression and anxiety. Third, the timing of the experiment was not controlled. Given that wake-sleep status might influence the attentional bias towards sleep stimuli (Burke et al., 2015) , the time of the experiment should be standardised for all participants. Fourth, the sample size was small, which could influence the reliability of the results. Moreover, using 7 as the cut-off score for the PSQI was not sufficiently rigorous; previous research used 5 as the cut-off score (Barclay and Ellis, 2013; MacMahon et al., 2006) . Finally, sleep-related words were not translated using a translation and backtranslation protocol.
In conclusion, the current study aimed to separately explore the attentional bias of sleep-positive and sleepnegative words, and is the first to provide clues to the cognitive attentional processing for these words in people with insomnia disorder. The results suggest that sleeppositive words interfere with colour-naming in the behavioural task, and that early attention might be indexed by an increase in the P1 and N1 amplitudes in response to sleep-negative words. These results have important clinical implications because they can inform the design of Attention-BiasModification training by identifying the cognitive processing stages of sleep-related perturbations and cravings (Eldar and Bar-Haim, 2010 ). 
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